The Brahman cattle is mainly used for breeding and the meat industry. The present chapter had the objective of evaluating the physical and testicular development, and the serum testosterone level of 8-18 months old male Brahman cattle on grazing weight gaining performance tests. In Bos indicus, puberty usually occurs between the ages of 16 and 18 months. Variables such age, weight, and scrotal circumference were equally important in the estimation of sexual maturity in male Bos indicus. An increase in serum testosterone level occurred between 12 and 14 months of age, followed by testicular and body growth. An elevation in testosterone levels is an indicator that an acceleration in physical and testicular growth is approaching. The variables body weight and scrotal circumference which are important in the estimation of sexual maturity are dependent on testosterone levels in zebu cattle according to literature. It is recommended to calculate body mass index and testicular volume to follow male growth due to the high correlation between these variables.
Introduction
Brahman cattle are known for their extreme tolerance to heat and are widespread in tropical regions. The rapid physical development and acceleration of weight gain during the puberty of male specimens of beef cattle breeds stems from the increase in testosterone [1] . Zebu beef cattle breeds exhibit greater adaptability to tropical climates, as their relative testosterone decrease is smaller than that of European breeds during the summer [2] . The study of puberty in young zebus is of great importance, due to selection of sexually precocious (i.e. below the average herd age) future breeders [3] . In Bos indicus, puberty usually occurs between the ages of 16 and 18 months [4, 5] , but these males are seldom used for breeding purposes before the age of 2 [6, 7] . Variables such as age, weight, and scrotal circumference were equally important in the estimation of sexual maturity in male Bos indicus [8] . The variables body weight and scrotal circumference which are important in the estimation of sexual maturity are dependent on testosterone levels in zebu cattle according to literature.
The American Brahman was the first beef cattle breed developed in the United States. The Brahman is mainly used for breeding and the meat industry. It has been crossbred extensively with Bos taurus taurus (European) beef breeds of cattle.
The climatic factors has been studied with a focus on physical characteristics and sperm morphology in cattle in the tropics, describing the decline in semen quality can occur due to thermal discomfort of the animals on high temperatures [9] . The decrease in semen motility, the reduction of concentration and increase the percentage of abnormal spermatozoa are caused by a moderate elevation of scrotal temperature [10] . In Brazil, a higher percentage of abnormal sperm after high temperature and relative humidity observed a higher ejaculate volume in the rainy season [11] . Studying the Nellore cattle concluded that semen characteristics may be affected by environment, by high ambient temperature, air humidity and photoperiod [12] . Studies on the environmental influence on semen quality in bulls have been conducted in farmers with bulls in permanent regime of semen collection [8] . There was a positive correlation between serum testosterone concentration and potentia coeundi of bulls, it was also found that animals with higher sperm motility showed, on average, higher concentration of testosterone [13] . Considering the predominance of extensive farming and natural mating in Brazil becomes important to investigate the seasons influence on semen characteristics of bulls raised on tropical climate.
The study of bovine physical development involves serial data collection of body and testes biometrics associated with hormonal concentrations [14] . The male reproductive organs develop rapidly during puberty in cattle [15] . Physical development studies of zebus mainly evaluate body weight and average weight gain [16, 17] . For proper sperm production, transport, maturation and storage, one of the factors that should be considered is the preserved anatomy of the organs of scrotal contents, which is associated with the proper production of testosterone. In [18] , reported that the temperature of the testes of cattle should be below body temperature for the production of morphologically viable sperm cells and that elevated ambient temperatures cause a reduced quality of semen from bulls with incompetent testicular thermoregulation.
For the Nellore males, a decrease in testosterone levels in hot summer, possibly due to the freedom of bulls to physical activity, associated with a higher ambient temperature (26.8°C). In winter season, with ambient temperature lower (21.1°C), associated with decreased quality of pasture, testosterone levels were lower similar to [19] . The level of individual adaptation to climate can influence testosterone levels, being studied by this consideration in male bovines [20] , reporting different levels of testosterone with 24.04 ± 5.89 ng/dL for the ambient temperature group and 49.85 ± 6.83 ng/dL for the thermal stress group. The results of this study in Brahman raised in Brazil were similar to [21] who performed measurements of testosterone levels in cattle, describing the winter average of 50 ng/dL, in the fall 70 ng/dL, and in the spring and summer of 130 ng/dL. According to [14] , the testicular volume (TV) is one of the important variables when studying reproductive performance of male cattle. In [22] suggested measuring the scrotal circumference in beef cattle from weaning as a way to assist the selection of future breeders. In [14] reported that testes grow rapidly during bovine puberty due to the significant increase in serum testosterone concentration.
The importance of the present chapter on young male Brahman cattle stems from the need to expand knowledge inherent to this breed, as the use for natural breeding in extensive farming system increases, from the transfer to females returning to estrus after hormonal protocol for fixed time with artificial insemination, and from the need to sexual precocity. Many beef cattle breeders still select animals for natural breeding by measuring scrotal circumference and weight gain, without knowledge of variables related to body morphometry, reproductive system, and testosterone level that add helpful information in the choice of these bulls for breeding. In Brazil, the study of body morphometry, the reproductive system, and the serum concentration of testosterone from weaning to the age of 1 year old in the Brahman breed is still underdeveloped.
Description of the animal model
Male Brahman cattle (n = 40) with a mean age of 259.76 ± 26.15 days and body weight (BW) of 239.71 ± 33.94 kg were evaluated simultaneously during a collective grazing weight gaining performance (WGP) tests, maintained with Brachiaria brizantha, mineral mixture and water ad libitum (Capacity 0.8-1.0 AU ha −1 ). The WGP was held on a rural property belonging to the municipality of Uberaba-MG, latitude 19°44′52″S, longitude 47°55′55″W, altitude of 823 m, with high altitude tropical climate, between the months of June and April, for a total of 294 days.
We have previously published part of this work [19] . The present chapter had the objective of studying the morphological and testicular development, and the serum testosterone concentration of 8-18 months old Brahman males on grazing weight gaining performance tests, to assist in the selection of young bulls. The results could be extrapolated from a global context. Figure 1 ). At 10 months of age, all variables exhibited similar behaviors, with increase observed between 12 and 16 months.
months, with increasing values (Table 1 and
The behavior emphasizes the importance of verifying the correlation between these variables, which can be seen in Table 2 . Table 1 . Mean values and standard deviations for body weight (W), scrotal circumference (SC) and girth (G) measured every 56 days in male Brahman breed animals aged between 259 days (1st collection) and 497 days (6th collection), created extensively in collective grazing weight gaining performance tests, Uberaba-MG.
The same table shows correlation between these variables, between scrotal circumference and body weight (0.85). Thus, a curve for the prediction of scrotal circumference as a function of body weight can be generated, creating a prediction model to help producers and researchers determine scrotal circumference as a function of body weight (Figure 2a ). It is worth mentioning the correlation between the variables body weight and testosterone level (ST), the highest correlation (0.56) found for the latter variable, which similarly justified a testosterone level prediction curve as a function of body weight ( Figure 2b ).
As the Brahman bulls kept growing, several significant positive correlations between body morphometry and reproductive organs variables were expected. According to Table 2 , there was a high correlation between testicular volume (TV) and body weight (r = 0.70; P < 0.01); TV × scrotal circumference (r = 0.90; P < 0.01), and TV × body mass index (r = 0.93; P < 0.01). Positive correlations (P < 0.01) were also observed between scrotal circumference and age (r = 0.72), body weight (r = 0.83), testicular length (r = 0.74), and testicular height (r = 0.89).
Positive correlations asserted the influence of testosterone on body morphometry: testosterone ST × G (r = 0.38; P < 0.01); testosterone ST × weight WH (r = 0.38; P < 0.01); testosterone ST × right testicle RTH (r = 0.23; P < 0.05); testosterone ST × left testicle LTH (r = 0.21; P < 0.01); and testosterone ST × testicular volume TV (r = 0.22; P < 0.008) ( Table 2) .
For height at the withers (WH), body length (BL), and body mass index (BMI), the behavior is analogous to mean differences with male age, with differences (P < 0.05) between 14 and 16 months ( Table 3 and Figure 3 ). It is worth noting that the only correlation with scrotal circumference is given by the body mass index variable (r = 0.76) ( Table 2 ). This result is expected, since body mass index is obtained directly from the body weight, and also by the Table 2 . Significant correlations (P < 0.01) between the physical and testicular biometric characteristics measured every 56 days in male Brahman cattle aged between 259 days (1st collection) and 497 days (6th collection), raised extensively in collective grazing weight gaining performance tests, Uberaba-MG. 2012/2013. similarity of these variables according to the Dendrogram of Figure 4 . The correlation of the latter variable with scrotal circumference greater than that between body mass index and scrotal circumference, which does not justify the need to create a model for scrotal circumference prediction at this point.
The analysis of the Dendrogram (Figure 3 ) emphasizes the similarity of the cluster of variables related to the weight (weight, body mass index BMI, ADG), with the group of variables related to the morphology of the reproductive tract (scrotal circumference SC, testicular volume TV, right testicle RTH, left testicle LTH, right testicle length RTL, left testicle length LTL) and the group of variables related to physical morphometry (G, WH, BL); the lack of similarity of testosterone (ST) to any other variable is also noted. Thus, correlations between variables of different groups are of great interest as they reveal relationships that, unlike the correlation between body mass index and weight, are not obvious.
Specifically, it is possible to relate the four groups. Multiple polynomial regression was employed to predict the level of testosterone (ST) using one (1) variable from each group, in search of the one with the highest correlation to ST. According to Table 2 , such variables and their correlations are weight (0.56), scrotal circumference (0.41), and body length (0.40), thereby generating the polynomial: Table 3 . Mean values and standard deviations for height at the withers (WH), body length (BL), and body mass index (BMI) measured every 56 days in male Brahman cattle aged between 259 days (1st collection) and 497 days (6th collection), raised extensively in collective grazing weight gaining performance tests, Uberaba-MG.
With R 2 = 0.23 (P < 0.001), and x 1 , x 2 and x 3 representing the variables weight, scrotal circumference SC, and body length BL, respectively. Figure 5 shows the ST behavior upon variation of two (2) independent variables, with the third kept constant. It is thus possible to observe that in males with high scrotal circumference and low weight, or in males with low scrotal circumference and high weight, higher levels of testosterone were observed (Figure 5a) . One can also observe that higher body length values correlate with higher testosterone levels (Figure 5b) . The same figure shows that testosterone levels remain mostly unchanged with weight. Finally, it is worth noting that high body length values imply increased levels of testosterone (Figure 5c) .
With respect to the height of the testes (horizontal axis), there were differences (P < 0.05) between 12, 14 and 16 months of age. Testes length (vertical axis) differed (P < 0.01) between 12 and 16 months ( Table 4 and Figure 6 ). 
Advances in Testosterone Action

Relation of testosterone with testicular volume
The daily weight gain (ADG) increased between 8, 10, 12 and 14 months of age (P < 0.05), but not between 14, 16 and 18 months of age (P > 0.05). Testicular volume differed (P < 0.05) between 14 and 16 months. The serum testosterone level differed (P < 0.05) between 10 and 12 months ( Table 5 and Figure 7 ).
Considerations and practical application
Studies of body growth in zebu cattle focus mainly on body weight and daily weight gain evaluations [16, 17] . Body morphometry, although subjected to fewer studies, is useful in the assessment of physical growth and development [17] ; body development in bulls must be assessed by testicular volume increase [14] .
Assuming that the set of physical morphometry measurements opens more possibilities to evaluate body growth in young bulls, the present study measured data from regions of the [15] . The body weight and girth of Brahman cattle at 12 and 14 months of age ( Table 1) were higher in Brahman males than in Nellore males [15, 23] and in dual-use Guzerat zebus [17] in the same age groups.
The body weight was lower (P < 0.05) at 12 months of age, compared to 10 months of age, probably due to the exclusive feeding on grazing: the quality of grass varies throughout the different seasons, and in the present study the dry season coincided with this age group, in agreement with [23] who evaluated Nellore in grazing weight gaining performance tests. However, there was no difference (P > 0.05) between 10 and 12 months of age for the scrotal circumference. Sexual precocity is more related to body weight than to the chronological age of bovines; thus, the analysis of several morphometric characteristics is important to guide the selection for genetic improvement purposes [1, 3, 19] . Sexual precocity was described in Nellore cattle aged between 500 and 580 days and between 620 and 740 days of age [8] .
The different studies suggest that weight differences at similar ages in young Zebus may be related to the feed composition and distinct genetic lineages.
The scrotal circumference is the body morphometry variable that best estimates the puberty phase in Bos indicus males [8] . Mean SC values differed (P < 0.01) at 12, 14 and 16 months of age ( Table 1) , similar to the report by [16] in similarly-aged Nellores. However, scrotal circumference values were higher in the present study than in [8, 15, 22] . The significant increase of scrotal circumference from 12 to 16 months in Brahman cattle is similar to that observed in Nellore cattle, probably because both are zebu breeds. On the other hand, the results of the present study revealed that significant scrotal circumference increases occur at a later age than that reported by [24] in Nellore, who reported a significant increase from nine to 12 months of age. Also in Nellore, puberty occurred at a mean age of 526 days with a mean weight of 280 kg and mean scrotal circumference of 22 cm in young bulls classified as sexually precocious [8] .
There is a wide variation in scrotal circumference in relation to the age of the Zebu bulls; in the present study, Brahman males with an average weight of 240 kg at 12 months of age reached a mean scrotal circumference value of 22 cm, suggesting satisfactory sexual precocity.
There was a positive correlation between weight and scrotal circumference (r = 0.83; P < 0.01) ( Table 2) , similar to that reported by [23, 25, 26, 27] in Nellore cattle; in Brahman cattle [28, 29] ; and in Guzerat cattle [30] .
A correlation (r = 0.90; P < 0.01) was found for scrotal circumference × testicular volume ( Table 2) , in agreement with [31] for growing cattle, suggesting that scrotal circumference is influenced by race, body condition score, age at puberty, and breeding system; the increase in testicular weight is proportional to the increase of body weight. [32] recommended measuring the scrotal circumference to follow testicular growth in Brahman cattle. Due to the elongated shape of testes in Brahman, the calculation of the testicular volume was efficient: although the males may have slightly lower scrotal circumference, the testicular volume is compensated by the length of the gonad.
The testicular volume variable correlated with body weight (r = 0.70; P < 0.01), justifying the importance of successive weightings at fixed time intervals in growing male animals. The present study also revealed a high positive correlation (r = 0.93; P < 0.01) between testicular volume and body mass index, with the calculation of the latter being useful in monitoring animal growth, for identifying average height individuals with increased testicular volume, which can positively influence in the semen concentration. This reasoning derived from the present study, which supports and complements the report by [31] relating body weight and testicular weight; the present study supports the inclusion of the height at the withers variable to track the growth of Brahman males.
With the expansion of Fuzzy logic studies aimed at breeding animals [33, 34] , one can mathematically model physical morphometric variable studies, attempting to predict how that variable behaves with time. Thus, the present study calculated the body mass index. In Brahman cattle, the body mass index suffered a significant increase between 14 and 16 months. The variable is easy to obtain, as it requires only body weight and measurement of height at the withers as the animal is contained in the cattle crush. By using the body mass index scoring nomenclature for the age of the animals in the present study, adopting the score published for adult zebu cattle with application of the fuzzy logic system according to [33, 34] , the mean body mass index at ages 10 and 12 months ( Table 3 ) fall in the "very low body mass index" category; the age of 14 months is classified as "low body mass index"; and the ages of 16 and 18 months are classified as "high body mass index". Brahman animals in the present study were young, with continuous increase in body mass index due to the increase in height at the withers in conjunction with gains in body weight. Fifteen animals in the present study had a body mass index greater than 242.8 kg m −2 at the age of 18 months ( Table 3 ). The body mass index was easily accessible, requiring only a scale and a graduated metric tape; it is recommended to calculate the body mass index of young bulls, where 15 animals from a total of 40 showed a body mass index score above average, suggesting a good weight-height ratio. The collection of body mass index data for growing zebu bulls must be expanded, to allow the construction of an ideal physiological variation for each age group.
Body length, like height at the withers and body mass index, showed a significant increase between 14 and 16 months due to the rapid increase of those variables. Testes length and height showed differences (P < 0.05) between 12, 14 and 16 months ( Table 4 ). These differences were obtained at younger ages than those reported by Freneau et al. [15] in Nellore (15-17 months old).
Zebu physical development studies mainly evaluate body weight and average weight gain [16, 17, 35] . The average daily weight gain of the present study was similar to that described by [35] in Brahman cattle in the same age groups, and higher than the daily weight gain reported in Nellore by [36] . The present study showed differences (P < 0.05) between 12, 14 and 16 months of age for body weight, and between 12 and 14 months for daily weight gain. Body weight values were achieved at a younger age than those reported in Nellore by [29] , who exhibited a significant increase in body weight between 15 and 16 months of age. Although both the Brahman and Nellore breeds are zebu breeds, the difference may stem from the different geographical locations of the studies.
Testicular volume was described as a suitable variable for the evaluation of post-pubertal Bos indicus males [8] . Measurements of the length, width and height of the testes axes are useful for evaluating testicular symmetry and calculating testes volume [23, 37] . At 12 and 18 months of age, the length, width and volume of testes were higher than the values reported in Nellore cattle by [23] at the same age groups. The testicular volume differed (P < 0.05) between 14 and 16 months ( Table 5) . This difference was obtained later than in the studies by [26] , who described larger testicular development between 10 and 16 months of age, with a significant development between 10 and 11 months, and [29] who observed a greater variation of the SC from 10 months of age. Since the scrotal circumference is used in the calculation of the testicular volume, the former influences testicular volumetry; thus, In [23] suggested that in Zebus, who generally exhibit elongated testes, testicular volume and scrotal circumference should be adopted simultaneously to evaluate growth.
The rapid body development and acceleration of weight gain in the puberty of male beef breed cattle is associated with the increase in testosterone production [1] . Zebu breeds exhibit greater adaptability to the tropical climate, with a lower relative testosterone decrease in the summer compared to European breed bulls [38] .
The serum testosterone differed (P < 0.05) between 10 and 12 months ( Table 5) , preceding a significant increase in morphological variables. At 12 months of age, the serum testosterone concentration in Brahman males was similar to that found in Nellore cattle aged 31 and 35 months by [37] , and in crossbred Holstein × Thaparkar males between 9 and 12 months of age by [3] . In the present study, Brahman males produced similar levels of testosterone at younger ages than Zebus [37] , and in the same age group as crossbred cattle [3] , revealing sexual precocity.
High correlation (r = 0.74) between scrotal circumference and serum testosterone was observed, highlighting the hormonal influence on the development of testes. In agreement with [14, 29] , the elevation of testosterone occurs prior to the rapid growth of the testes. Testicular development occurs slowly before the significant increase of the testosterone; gonad growth peaks during puberty, followed once more by slow growth, indicative of sexual maturity. In the present study, the high positive correlation between the concentration of testosterone and scrotal circumference renders measurement of the latter a good indicator of puberty, confirming reports by [1, 2, 8] .
In growing Brahman males, the evaluated morphometric variables were useful to follow the physical development. From 12 to 14 months, body weight, scrotal circumference and girth increased rapidly, while the other variables rose significantly at 14 months of age. Due to the growth of the animals, high positive correlations were found between physical and testicular morphometric variables. There was a correlation between age and weight (r = 0.80; P < 0.01), similar to that described in Brahman cattle [32] . At the ages of 16 and 18 months, scrotal circumference and body weight values were similar to and higher than those reported in Nellore by [38] , respectively.
Conclusions
In young Brahman bulls an increase in serum testosterone level occurred between 12 and 14 months of age, followed by testicular and body growth. An elevation in testosterone levels is an indicator that an acceleration in physical and testicular growth is approaching. The testicular development and the serum testosterone concentration differ between Brahman and Bos taurus. In view of the results presented herein, the present chapter contributes with the Brahman breed with mean values and significant correlations on body and reproductive tract morphometry variables, which are useful in practical use and in the selection of young bulls bred in extensive management feeding on grass and mineral mix. Regarding puberty, it is clear that the increase in serum testosterone occurs to prepare the reproductive tract for rapid anatomical development. The results of this study provide new knowledge and should be considered in the field of bovine reproduction.
